We study the vacuum stability of the singlet Majoron model using full renormalization group improved scalar potential and Monte Carlo techniques. We show that in the perturbative regime of the various free parameters, the vacuum stability requirement together with LEP limits is passed by 18% of the parameter space if the scale of new physics is 10 TeV and 6% if the scale is 10 14 GeV. Moreover, if the baryogenesis condition for scalar couplings is required, no portion of the parameter space survives.
The singlet Majoron model [1] A strong pro in favour to such an extended model of the Standard Model is that the weak scale baryogenesis, which appears to be somewhat problematic in the Standard Model [2, 3] , is easier to realize in the singlet Majoron model [4, 5] . A problem with the Standard Model is that the experimental lower bound for the Higgs boson mass [6] , m H > 60 GeV, is too high compared to its theoretical upper bound in order to avoid the erasure of the baryon number by sphaleron [7] mediated transitions [8] . In the Majoron model these problems are circumvented by introducing the new scalar degrees of freedom [4, 9] . Moreover, the singlet Majoron model together with the sew-saw mechanism offers an explanation to the vanishingly small (left-handed) neutrino masses. By-products of the sew-saw mechanism, the heavy right-handed neutrinos may also serve as a source for cosmological baryon asymmetry due to their lepton number violating decays which can be converted to baryon number by sphalerons [5] . For a review of some other baryon number production mechanisms applicable in the singlet Majoron model, see [10] .
To be a realistic model of electroweak scale physics, any model has to have the vacuum of the observed universe stable enough. If the stability is not achieved, the theory can not be fully correct. This stability is, however needed only up to some scale, like supersymmetry scale or GUT scale, where new interactions becomes important: new phenomena appears and saves the stability. In this letter we study the stability properties of the singlet Majoron model at zero temperature. We work using one-loop perturbation theory and make a full renormalization group (RG) improved stability analysis of the scalar potential. Such an analysis for the Standard Model has first been performed by Flores and Sher [11] and recently by Sher [12] for new. They found that the stability of the potential requires that the Higgs mass m H > 75 GeV+1.64(m top −140 GeV). For top quark mass 174 GeV, which we use as an example, m H > 131 GeV. Renormalization group improved stability analysis for two doublet model has also been carried out [13] . The singlet Majoron model case differs from both above mentioned cases, not only because of different scalar content, but also because of the inclusion of the right-handed neutrinos. Their unstabilizing effect to the potential may be remarkable like the effect of the top quark has in the minimal Standard Model.
The tree-level potential of the singlet Majoron model reads
where, in a spontaneously broken theory, the mass-like parameters m 
and the mass eigenstates are
where
The full set of the renormalization group equations needed to stability analysis calculated using one-loop perturbation theory readṡ
where α A = g 
The anomalous dimensions of the scalars 
where M n i are the physical heavy neutrino masses. The vacuum stability requires now [15] that inequalities β(t) > 0, λ(t) > 0 and γ(t) 2 < 4β(t)λ(t) holds for all t up to the given scale of new physics. Note, that the quadratic terms of the scalar potential are not important because we are only interested in large scales.
The large number of degrees of free parameters makes the integration of Eqs. randomly at µ = M Z . The logarithms of these parameters are taken to be uniformly distributed, so that we are able to cover the whole parameter space rather densely.
As mentioned, we neglect the other right-handed neutrino Yukawa couplings but the largest one. This does not invalidate the analysis due to the structure the Yukawa couplings emerge in the RG-equations. The ranges of the parameters are 10 −3 < β, γ < 10
These bounds are due to the requirements that the baryogenesis analysis of [4] and the perturbation theory are applicable. Moreover we choose 1 GeV <f < 10 TeV, 10
where the lower bound forf comes from the experimental upper bound and the see-saw mechanism estimate for the mass of the electron neutrino m νe ∼ m 2 e /(g Yf ).
On the other handf cannot be much larger than f = 246 GeV because the singlet scalar would effectively decouple [4] . (This kind of model is, of course, technically allowed, but is physically not very meaningful containing a new, ad hoc symmetry breaking scale.) The range of g Y was taken to be on the perturbative domain but not too small for the second order corrections in β, λ or γ to be effective.
From the randomly chosen initial values only those are accepted for which the two conditions, 4βλ > γ 2 at µ = M Z and there is no Landau singularity below the maximum scale studied, holds. Approximately 73% of the generated values pass this test when maximum scale is the supersymmetry scale µ = 10 TeV and 71%
when the maximum scale is the unification scale µ = 10 14 GeV. Furthermore three different cuts are applied to limit the parameter space:
1. It is required that vacuum is (absolutely) stable up to the given maximum scale. In the case of supersymmetry scale 24 % of the generated points in the parameter space pass this cut and in the case of unification scale 8 % pass the cut.
2. It is required that the scalar masses calculated from the generated point are compatible with the model independent LEP lower limit for a scalar particle mass. This means (see [4] for details) that
where Γ(m) is the decay rate of Z to a fermion pair and a scalar with mass m, BR ± are the branching ratios of scalars to ordinary fermions and z is the angle of rotation from current to mass eigenstates. 30 % of the points pass this cut.
3. Supplementary to the second limit there is another limit from LEP data. The latter relies on a event topology analysis of the reaction
when the former relies on observing reduced number of the standard fermionic decays of this reaction [4] . The resulting limit reads
Also this cut is passed by 30 % of the points.
In Figure 1 the resulting projection of the parameter space in the m + -m − -plane is shown after applying three combinations of the above cuts. Note, that these masses are not really the physical ones, because their scale dependence is not taken into account. As the scalar masses are not too far from the weak scale M Z the correction due to the running of the masses may, however, be neglected.
The parameter space is reduced to 18 % after applying all cuts in the case of the supersymmetry scale and to 6 % in the case of the unification scale. The vacuum stability bounds λ to be larger than 0.034 (0.067) for µ = 10 TeV (10 14 GeV) except some very few points which cover less than 0.03% of the parameter space.
Therefore it can be concluded that vacuum stability requirement and baryogenesis bound λ < ∼ 0.018 [4] http://arXiv.org/ps/hep-ph/9404268v1
